-adds moderate proteolytic activity to the dough that assists in dough conditioning and gluten development during fermentation, -insure maltose formation from susceptible starch after heat inactivation of the yeast in the oven, thus improving the loaf of bread, grain and texture, and crust colour, -increase the moisture-retaining properties of the finished product, thus enhancing freshness and keeping quality, -compensate the inhibitory effect of milk solids which retards the amylolytic action and increases the dough fermentation requirements when added at the 6% level, -reduce the potential for buckiness, wildness or stickiness in dough without lowering absorption. The influence of malt flour (addition 0.2-0.5%) on the rheological characteristics depends on its diastatic power and flour quality. Effects were usually found (S����� & T����� 2000; P���� 1988; P������� 1971) in: -changes of water absorption and dough consistence during farinograph kneading, -increase of dough stickiness and decrease of tolerance against overmixing in farinograph, -decrease of amylograph maximum and temperature of the beginning of gelatinisation, -decrease of elasticity and increase of extensibility in extensigraph or alveograph, -increase of dough stability and elasticity in maturograph, -increase of dough volume in oven spring apparatus, -increase of bread volume, -changes of bread shape and sensorical characteristics,
-increase of bread freshness during storage test. The objective of this study was to describe the improving effect of malt flour on the rheological properties of full dough system during the proofing, the oven spring and the baking process.
MATERIALS AND METHODS
Forty three samples of wheat flour divided into two groups according to the ash contents were taken from a commercial mill during five month (harvest 2001). The first set contained twenty flour samples with maximum 0.60% ash content, and the second set with maximum 0.70% ash content. The effect of the malted wheat flour (with diastatic power 223 U) was evaluated by the addition of 0.5% per the flour weight.
The analytical flour quality was determined according to the Czech standard methods (ash content, wet gluten, protein content -ČSN 560512, Falling Number -ČSN ISO 3093 and Zeleny value -ČSN ISO 5529).
The rheological properties of flour were evaluated by means of amylograph according ICC 126 (Brabender, Germany), maturograph (Brabender, Germany), and oven rise recorder (Brabender, Germany) according to the producer recommendations.
The baking test was performed according to the Czech method and the protocol used was: flour 100%, compressed yeast 4%, salt 1.7%, sugar 1.5%, fat 1%, and water necessary for optimal consistency 600 BU (Brabender unit). The dough from 300 g of flour was prepared in farinograph (Brabender, Germany) . Dough dividing and roll shaping were made by hand and after the standard proofing time, the pieces of dough were baked at 240°C for 14 min. Bread volume was determined after two hours of cooling by means of rape seeds. The parameters of wheat flour quality and the results of amylograph, maturograph, oven rise recorder, and the baking test evaluation for each set without and with fortification with malt flour are presented by average, minimum, and maximum values. The dependence between rheological parameters of dough (according to maturograph and oven rise recorder results) and the results of the baking test were evaluated using correlation analysis.
RESULTS AND DISCUSSION
Flour quality parameters as determined by the standard methods are shown in Table 1 . Analytical characteristics of both sample sets are very similar except for the ash content and Zeleny sedimentation value. For the production of rolls and buns, flours with lower ash contents (Czech name "bright sort") and higher protein quality are usually used, while for bread products flours with higher ash contents (Czech name "semi-bright sort") are more suitable. Average values of flour analytical parameters were typical for the Czech wheat production environment (protein 10.3-13.1%, FN 246-415 s, Zeleny value 32-44 ml). The flour samples tested appeared to be suitable for the standard manufacture of yeast leavened dough in an industrial bakery according to these characteristics, but the specific bread volume and shape ratio (Table 4) were found only on the average. A conditioning agent such as malt flour can improve both dough technological characteristics and final products.
The amylograph records the gelatinisation properties of flour-water suspension during heating and the maximum viscosity attained during the test is the results of both the α-amylase activity and the gelatinisation behaviour of flour. The evaluation of amylogram which expresses the flour suspension behaviour without and with malt addition is given in Table 2 . Amylograph quality of different flour sets was indicated by the maximum viscosity which is significantly higher in the case of samples with lower ash contents. Malt addition caused in both sets of flour a decrease of maximum viscosity and temperature at this stage in nearly the same extent.
The maturograph records the fermentation behaviour of the dough after the proofing time by means of a sensing probe which touches the dough surface. With the help of an additional loading on this probe, which occurs periodically, the elasticity of the fermented dough is recorded. This cycle is repeated every 2 min which produces the typical zigzag form of the maturogram. The curve rises until maximum dough maturity is reached and drops thereafter. This action is recorded in maturograph units (MU) on the strip-chart. The evaluation of maturograms which express dough behaviour without and with malt addition during the proof period is given in Table 3 . Proofing time was found to be in a similar range for both sets (range 36-48 min and 32-44 min), and after malt addition unimportant changes occurred in both sets of flours. The dough level describing the dough resistance against mechanical stress was slightly higher in the case of flours with lower ash contents and with malt fortification it increased significantly in both sets (about 18 MU or 21 MU). The dough firmness (expressed as elasticity) of fermented dough from both sets of flour was similar and was increased by malt addition, in the same range (approximately about 2%). Proofing stability which reflects the time tolerance of optimal proofing ensuring the highest volume of the final product changed in same range (6-8 min). The increase caused by malt was more significant in the dough samples with a very low value of proofing stability (from 4 to 6 min) in both sets as described in Figure 1 . The oven rise recorder describes the change in the volume of dough (at the point of maximum maturity) during baking in the oil bath. Due to the exact heat transfer, the temperature and the dough volume can be determined at any point of the process. The volume of the dough increases as does the oil temperature (from 30°C to 100°C) and the piece ascends in the bath. The action is recorded in oven rise units (OU) on the strip-chart. The evaluation of the oven rise diagrams of the dough without and with malt addition is shown in Table 4 . The dough volume, which is indicated as the volume of the dough at the start of the baking period, was found similar in both sets of sample. After malt addition, the dough volume changed in a wider range for flours with lower ash contents (380-490 OU against 390-470 OU). The baking volume (indicating the final volume of the baked goods) and its changes after malt addition was . From these results, it is apparent that, the oven rise (the difference between the final bread and the dough volumes) was lower in the set with lower ash contents and, after the malt addition, the average value was significantly lower in this set of flour only. The final rise (represents the volume of the baked goods after 11 min from the test beginning) described the shrinkage of volume mostly by the malt action (about 8%). As a result, nearly the same specific bread volumes were obtained in the laboratory baking test (Table 5 ) with both sets of flours (average 359 or 345 ml/100 g). In the case of malt addition, com- (Figure 2 ). The bread shape ratio increased insignificantly in both sets. As it is known, the influence of malt was assessed to be more important for flours with a lower α-amylase activity.
The correlation between the fermented dough characteristics as measured by the maturograph and the oven rise recorder, and the bread characteristics evaluated by a laboratory baking test (Table 6) depends on the flour quality. In both sets of flour, a significant correlation between the specific bread volume and all oven spring parameters was found. The relationship between the baking volume and the dough level and elasticity was proved with the set of flour with lower ash contents, but its relation to the proofing stability was statistically important only with flours with higher ash contents. It confirmed, the baking characteristics relation to the maturograph parameters were highly influenced by both the ash content and the protein quality.
Conclusion
Technological quality of two sorts of white wheat flours with different protein and ash contents were described by means of rheological methods (using the amylograph, the maturograph and the oven rise recorder) including a laboratory baking test. The influence of small amounts of malt flour on the proofing stability was significant. The increase was about 40% for both sets of flour. The proofing time was not prolonged as significantly as the dough elasticity in all samples. The dough behaviour during oil baking in the oven rise tests was influenced by the addition of malt at an important level, similarly as the specific bread volume in the baking test, but individual differences were found between separate flour samples in accordance with D���� (2003) . The bread shape ratio increased insignificantly by the malt fortification. A significant correlation was obtained between the oven spring parameters and the baking test results, but as far as the maturograph characteristics are concerned, their relationships to the bread volume depends on flour quality. významně prodloužila ve vzorcích obou souborů, avšak pružnost těsta při maturogafické zkoušce se změnila pouze u světlých mouk. Charakteristiky OTG a měrný objem pečiva vykázaly výrazné změny s individuálním rozdílem pro jednotlivé mouky obou souborů. Významné korelace (99 %) byly zjištěny mezi měrným objemem výrobků a parametry při zapékání, zjištěnými na OTG přístroji. 
